Objective: Waist circumference, BMI and hip circumference are differentially associated with mortality. We investigated the potential influence of selected lifestyle aspects such as smoking, alcohol intake, sports activity and education. Method: The Danish prospective study 'Diet, Cancer and Health' recruited 27,179 men and 29,875 women from 1993 to 1997. Cox regression models were used to estimate mortality rate ratios. Results: Adjustment for smoking habits attenuated the associations between mortality and the three body size measurements in both sexes. Adjustment for sport activity and, to a lesser extent, alcohol intake weakened the associations further for the men, whereas alcohol intake slightly weakened associations for the women. In the fully adjusted models, mortality increased highly significantly with higher waist circumference and lower hip circumference, and decreased highly significantly with higher BMI for BMI below 25 kg/m 2 . This pattern was seen for all levels of the selected lifestyle factor. Conclusion: A large waist circumference remained a strong risk indicator for mortality, and a large hip circumference appeared to be protective when smoking habits, alcohol intake and sport activity were accounted for. BMI below 25 kg/m 2 remained a risk factor, but not above 25 kg/m 2 once waist circumference was adjusted for.
Introduction
In previous prospective studies we found an inverse association between BMI (= weight/height 2 ; kg/m 2 ) and mortality when comparing individuals with similar waist circumferences and a direct association between waist circumference and mortality when comparing individuals of similar BMI [1] . We have also found an inverse association with mortality when comparing individuals of similar waist circumference [2] . In these studies we adjusted for smoking, but not for other lifestyle aspects, such as alcohol intake, physical activity and social position, and we did not present separate risk estimates for the different aspects of smoking habits [1, 2] . In view of the intimate relationship between these lifestyle aspects and both obesity and mortality the question prevails whether they have confounding influences on the associations while assuming that they are not mediators of the associations (intermediates between the anthropometric measurements and the outcome) [3] [4] [5] . However, it is equally important to determine whether lifestyle aspects have modifying influences on the associations.
The aim of this study was therefore to evaluate whether the selected lifestyle aspects influenced the previously shown association between mortality and the three body size measurements: waist circumference, hip circumference and BMI. We considered waist circumference together with BMI and waist circumference together with hip circumference. We investigated the effect of inclusion of the selected lifestyle aspects as potential confounders and furthermore studied potential effect modification by the selected lifestyle factors.
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Material and Methods
Between December 1993 and May 1997, a total of 160,725 persons aged 50-64 years were invited to participate in the Danish prospective study 'Diet, Cancer and Health'. Potential participants were all inhabitants of the greater Copenhagen or Aarhus areas, born in Denmark, and with no record of cancer registered in the Danish Cancer Register at the time of invitation. In all, 27,178 men (33.6% of total number eligible) and 29,875 women (37.5% of total number eligible) participated, comprising 7% of the entire Danish population in this age group. The study was conducted in accordance with Helsinki Declaration II and approved by the Ethical Committees on Human Studies in Copenhagen and Aarhus municipalities [6] .
Body Size Measurements
All body size measurements were collected at two study clinics situated in Aarhus and Copenhagen. Trained laboratory technicians obtained body size measurements. Height was measured with the participants standing without shoes and was recorded to the nearest 0.5 cm. Weight was measured by a digital scale, with the participants wearing light clothing or underwear, and was recorded to the nearest 100 g. Waist circumference was measured at the narrowest part between the lower rib and the iliac crest (the natural waist) or, in case of an indeterminable waist narrowing, halfway between the lower rib and the iliac crest, and was recorded to the nearest 0.5 cm. Hip circumference was measured over the widest part of the buttocks, and was recorded to the nearest 0.5 cm.
Lifestyle Aspects
Smoking variables were defined from a lifestyle questionnaire completed at the study clinics at enrolment. Questionnaires were scanned immediately, and missing answers were filled out during a personal interview at the clinic. We used information about smoking status (current, recent, past and never), current tobacco consumption (g/day), time since smoking cessation (years), and smoking duration (years). Recent smoking, defined as smoking cessation within the last year, was examined as a separate category for smoking status, because we considered these participants at high risk for resuming smoking. Current tobacco consumption was calculated in g/day using conversion factors of 1 (cigarettes), 4.5 (cigars), 3 (cheroots), and 3 (pipe). Alcohol intake was considered as abstainers (reporting no alcohol intake in both the dietary and lifestyle questionnaire), occasional drinkers (those reporting no alcohol intake in one questionnaire (dietary or lifestyle questionnaire) but not the other) and the remaining group. For this remaining group alcohol intake was considered as average daily alcohol intake in g/day. Information about physical activity was obtained as number of hours per week spent on six different types of physical activities in leisure-time. Education was considered as years of schooling in three categories; below 8 years of schooling, between 8 and 10 years, and above 10 years.
Exclusions
Some participants were diagnosed with a cancer close to their visit in the study center. Due to the delay in registration of the cancer diagnosis in the Danish Cancer Registry invitations were sent out anyway. When these participants were informed about their cancer diagnosis, they were not rejected at the study clinics. Instead they were excluded from the study population before analyses (569 out of a total of 57,053 (1.0%)). We further excluded 56 participants who had missing values of waist or hip circumferences, weight or height measurements. 19 participants were excluded because of implausible values of body size measurements in the database. For 569 participants (1.0%) information about smoking habits was missing (smoking status (n = 70); duration (n = 197); time since cessation (n = 279); and current consumption (n = 8)), and 15 had extreme values (9 had tobacco consumption > 100 g/day, 3 had negative smoking duration, 3 never smokers indicated smoking start). We missed data on alcohol intake for 49 participants, on physical activity for 1,508 participants and on education for 26 participants. A total of 54,257 participants (95%) were eligible for analyses: 25,901 men and 28,356 women.
Endpoint and Follow-Up
All-cause mortality was the endpoint in the study. Complete follow-up of emigration and vital status until December 31, 2005 was obtained through record-linkage to The Civil Registration System, using the unique personal identification number assigned to each inhabitant of Denmark.
Statistical Analyses
We estimated the associations between the body size measurements, waist circumference, hip circumference and BMI, and the sex-specific allcause mortality using Cox proportional hazards models. This produced estimates of mortality rate ratios (MRR) and corresponding confidence limits (95%). Age was used as the time axis to ensure that the estimation procedure was based on comparisons of individuals at the same age, which optimizes control for potential confounding from differences in age [7] . The analyses were corrected for delayed entry so that individuals were only considered at risk from the age at entry into the study until death, emigration, time of disappearance or December 31, 2005 whichever came first. The time since baseline examination was modeled as a time-dependent linear spline, that is, a piecewise linear function connected at joint points (knots) [8] placed at 1 year, 2 years and 3 years, allowing the hazard to change with time under study. Separate analyses were performed for men and women due to possible differences in effects of body size and body composition.
The measured waist and hip circumferences and BMI were log-transformed and initially modeled using linear splines. Linear splines consider the variation in mortality risk within intervals (delimited by the knots) as well as between intervals, estimating linear effects within each interval and allowing the slope to change at the knots [8] . Using linear splines we gained the advantages of a continuous modeling of the effect of a continuous exposure variable without having to assume a linear association across the whole spectrum of the exposure variable. The knots for the log-transformed waist and hip circumferences were placed at the quartiles among the deceased participants, whereas the knots for the log-transformed BMI were placed at the category limits specified in the WHO BMI criteria, [9] that is, at 18.5, 25, and 30 kg/m 2 . For the log-transformed waist and hip circumferences, the associations were linear over the whole range of observed values. Therefore, the effects of these two log-transformed measurements were simplified to straight lines in the models presented in this paper.
Body size measurements were modeled in two different ways: In one model, the log-transformed waist circumference and BMI were considered mutually adjusted. In the other model, the log-transformed waist and hip circumferences were considered mutually adjusted. The inclusion of log-transformed waist and hip circumferences as linear variables, mutually adjusted, is a more flexible model than the usual waist-to-hip ratio, and this model makes it possible to test whether or not the waist-to-hip ratio is an appropriate combination of the two measurements. If the waist-to-hip ratio is appropriate, then the rate ratio corresponding to a 10% higher waist circumference should equal the rate ratio corresponding to a 10% lower hip circumference.
We evaluated the confounding potential of each of the lifestyle aspects (smoking habits, alcohol intake, sport activity and education) on the associations between the body size measurements and all-cause mortality for each of the two models mentioned above. The association between mortality and the body size measurements estimated without any adjustment for lifestyle was compared to the associations adjusted for each of the lifestyle aspects, one at a time. Likewise, the association between mortality and the body size measurements estimated in a full model adjusted for all the lifestyle aspects was compared to the estimated associations when each lifestyle aspect was excluded one at a time from the full model.
Bigaard/Christensen/Tjønneland/Thomsen/ Overvad/Sørensen Smokers who quitted smoking within the last year after 25 years of smoking relative to never smokers. One man who began to smoke and quitted smoking within the last year before recruitment into the study was classifies as a never smoker. **Estimated MRR for past smokers quitting smoking 15 years ago after 25 years of smoking relative to never smokers. bles of interest were missing. During follow-up 282 participants (0.5%) emigrated. The follow-up of vital status for the remaining was complete, except for 4 participants who were impossible to trace in Denmark (true disappearances). The median length of the follow-up period was 9.7 years (1 and 99 percentiles: 2.4 and 11.6 years for the total cohort, and 8.6 and 11.6 years for the survivors).
The distribution of the lifestyle aspects according to waist quartiles among the deceased are shown (table 1). The last two columns in the table show estimated MRR for each lifestyle aspect: crude, i.e. including none of the other lifestyle aspects, and mutually adjusted, i.e. including all other lifestyle covariates. All associations are in the expected direction.
The associations between waist circumference and BMI, mutually adjusted, and all-cause mortality with and without adjustment for lifestyle aspects are shown in table 2. For men, the adjustment for smoking affected the estimated associations with waist circumference and BMI; in some cases, the MRR estimate in models not including smoking was outWe evaluated the potential of each of the lifestyle aspects as effect modifier for the association between the body size measurements and allcause mortality by estimating separate MRR for the body size measurements for each of the different levels of the lifestyle factors. The statistical significance was evaluated by testing for each body size measure whether the MRR for the specific body size measure could be assumed to be the same for all the levels of the lifestyle factor, while still allowing the MRR for the other body size measure in the model to depend on the level of the lifestyle factor.
All significance tests and confidence intervals (CI) at the 95% level were based on Wald's test statistic for the corresponding regression parameters in the Cox regression models, i.e., on the log-scale for the rate ratios. We used the SAS-PHREG procedure (SAS Institute, version 8 for Unix, Cary, NC, USA).
Results
Between inclusion into the study and December 31, 2005, a total of 3,604 deaths (2,223 men and 1,381 women) occurred in the cohort after exclusion of participants for whom varia- Table 4 shows the estimated MRR for the body size measurements for different levels of each of the four selected lifestyle aspects; smoking habits, alcohol intake, physical activity and years of schooling. For all levels of the lifestyle factors, the same general pattern as in the overall analyses was seen, that is, the mortality increased with higher waist circumference, decreased with higher BMI below 25 kg/m 2 and increased with lower hip circumference. Statistically significant signs of some degree of effect modification were seen a few. However, in all cases the statistical significance was caused by a deviation in the body size measurement MRR for the intermediate level of the lifestyle factor to the two extreme levels of the lifestyle factor. side the confidence limits seen in the corresponding analysis including the smoking covariates (waist circumference, per 10% difference, without covariates MRR = 1.55 while adjusted for smoking MRR 1.41, 95% CI 1.30-1.53; BMI below 25 kg/m 2 , per 10% difference, without covariates MRR 0.55 while adjusted for smoking MRR 0.63, 95% CI 0.57-0.69; and full model MRR 0.66, 95% CI 0.61-0.72, while MRR was 0.60 when smoking was omitted). The adjustment for alcohol intake had a modest effect on the estimated association with waist circumference, whereas adjustment for education had no effect on the estimated MRR associated with waist circumference and BMI. The adjustment for sport activity showed only modest effect on the MRR estimate for waist circumference when sport activity was included as the only covariate, and no effect when the other lifestyle aspects were included. For women, the adjustment for smoking affected the MRR estimates for the body size measurements while the adjustment for alcohol intake, although significant as a risk factor, showed only modest effect on the MRR estimates, and none of the other lifestyle aspects showed any sign of confounding.
The association between all-cause mortality and the waist (per 10% larger) and hip (per 10% smaller) circumferences is shown in table 3, mutually adjusted, with and without adjustment for lifestyle covariates. For both men and women, the adjustment for smoking showed the strongest effect on the MRR estimates for both circumferences; the MRR estimate in models not including smoking was generally outside the confidence limits seen in the corresponding analysis including the smoking covariates except for the MRR for the waist circumference in the comparison with the full model. For the In this study, we investigated the separate effects of adjustment for different lifestyle aspects on associations between body size measurements and mortality. Earlier papers most often show crude and multivariate adjusted associations, but not the effect of including only a single lifestyle factor, and this makes it impossible to evaluate the importance of the adjustment for each specific lifestyle factor. Therefore, we elaborated on attenuations of associations between mortality and the measurements of waist circumference, BMI and hip circumference by including and excluding lifestyle aspects one at a time. Furthermore, we investigated whether the lifestyle aspects modified the associations between mortality and the body size measurements by presenting these associations estimated separately for different levels of the lifestyle factors.
We have investigated the potential confounding and effect modification from smoking habits in other papers [1, 2] . In analyses of waist circumference and BMI, mutually adjusted, with all-cause mortality as the outcome, we found that adjustment for smoking habits attenuated the associations [1] . In the adjustment for smoking habits, we considered smoking status (current, past, and never use of tobacco), current tobacco consumption in grams, smoking duration and time since cessation [1] . Some reviews have suggested that smoking modifies the effect of obesity [10, 11] ; however, we found similar association for never smokers and current smokers for both men and women, while past smokers among women showed a stronger association. The first study to suggest effect modification by smoking on the association between adiposity and mortality was the Framingham Heart Study [19] , but recent re-analyses including longer follow-up could not confirm the earlier findings [20] . Our findings suggest that smoking is an important confounder in men and women, which attenuates but far from eliminate the association of mortality with the body size measurements, but there was no sign of effect modification by current smoking.
We found a significant adverse association with increasing alcohol intake in general for both sexes, but also an increased mortality among occasional drinkers and those who claimed to be abstainers. This is in agreement with a British study considering the association between baseline alcohol intake among men as well as variation in alcohol intake over time with all-cause mortality [21] . They found a U-shaped relationship with baseline alcohol intake but a linear relationship when variation in alcohol intake was considered, except for occasional drinkers who had a slightly increased mortality risk compared to alcohol abstainers [21] . Also overweight individuals may benefit from a low to moderate intake of alcohol reducing their mortality risk [22] . Although the alcohol was an important risk factor for both sexes in the present study, adjusting for alcohol intake had only modest effect on the estimated associations between mortality and the body size measurements for men and no effect for women. In the present study, we saw indications of a less strong increase of
Discussion
The influence of the body size measurements on mortality remained strong after adjustment for the lifestyle aspects: smoking habits, alcohol intake, sports activity and education. The general pattern for both sexes was a steadily increasing mortality rate with higher waist circumference for a given BMI or hip circumference and a steadily decreasing mortality rate with higher hip circumference for a given waist circumference, whereas the association between the mortality rate and BMI for a given waist circumference was limited to individuals with low BMI (BMI below 25 kg/m 2 ) where the mortality was strongly increasing with lower BMI. The same pattern was seen for all categories for the lifestyle variables, indicating that the potential effect modification by the lifestyle factors was not an important issue, although a few statistical significances were seen where the estimated associations between mortality and the body size measurements for the two extreme levels of the lifestyle factor were similar while the estimated associations for the intermediate level deviated to some degree.
Adjustment for smoking habits attenuated the associations in both men and women while adjustment for alcohol intake and sport activity attenuated association for men only. Furthermore, adjustment for the different lifestyle aspects affected the association with waist circumference and hip circumference differently, supporting the use of the separate measurements of waist and hip circumference instead of the waist-to-hip ratio.
The arguments for selecting the four lifestyle aspects were as follows: Manson and coworkers [10, 11] recommended including smoking variables in models studying the relation between BMI and mortality because a spuriously high mortality would otherwise be produced in the low range of BMI. However, the U-shape remained in many studies despite inclusion of smoking covariates [1, 12] possibly due to BMI representing separate and opposite associations of fat mass and fat free mass with mortality [13] [14] [15] [16] [17] . Physical activity cannot be ruled out as a part of the causal pathway between obesity and mortality as a cause and/or a consequence of obesity; but since physically inactive individuals seem to have a higher risk of mortality independently of level of adiposity and excess adiposity seem to be associated with higher mortality independently of physical activity [4] , physical activity and adiposity are not just two aspects of a single cause, so confounding could still be an issue. Alcohol seems to be independently associated with all-cause mortality in a U-or J-shaped relation [3] . The descending leg of the association may result from a decreased risk of cardiovascular disease among those with light to moderate alcohol intake [3] or may reflect a higher mortality among abstainers, a group that includes people who refrain from alcohol intake because of disease or earlier alcohol abuse [18] . Education was selected as a proxy for social position, which is inversely associated with all-cause mortality [5] .
Lifestyle, Body Size Measurements and Mortality 259 health among the participants lead to a 'healthy participant effect'. There seems, however, to be no reason to assume that the observed pattern for the attenuations of associations between body size measurements and mortality cannot be extrapolated to non-participants. The study was limited to the age range of 50-70 years, and the extrapolation beyond this range may not be valid. Epidemiological investigations using self-reported questionnaire data has limitations due to the risk of differential and non-differential misclassifications leading to information bias. However, in view of the prospective nature of the study where the outcome is unknown to the participants at the baseline reporting, differential misclassification is unlikely. Furthermore, although the estimated effect of a confounder may be biased, non-differential overreporting or underreporting will not affect the degree to which confounding can be controlled for as long as the ranking of the subjects reflects reality. Waist-to-height ratio is not included in this paper, but is an interesting perspective in future research.
In summary, these investigations found evidence of smoking habits to be the most important confounder of the investigated associations between the body size measurements and mortality for both sexes. Alcohol intake and sports activity were weak confounders among men, but not among women. The associations between the body size measurements and mortality remained strong and significant after adjustment for the lifestyle aspects, and the same pattern for the associations was seen for all levels for the different lifestyle factors. Our study confirm that adiposity related to waist circumference (apple shape) is hazardous, while adiposity related to the hips and buttocks (pear shape) seems to be protective, and that very low BMI is associated with a higher mortality rate in both men and women also after adjusting for lifestyle aspects.
the mortality rate with higher waist-to-hip ratio among men with intermediate daily alcohol intake.
An extensive review of leisure-time physical activity (data obtained by questionnaires) and all-cause mortality summarized the relationships from published studies using metaanalysis and concluded that both physical inactivity and adiposity are important determinants of mortality risk from all causes [4] . Physical inactivity is associated with a higher risk of mortality independently of the adiposity level, and excess adiposity is associated with a higher risk of mortality independently of physical activity level [4] . Two recently published follow-up studies came to similar conclusions in separate analyses of physical inactivity and all-cause mortality in men aged 35-65 years [23] and women aged 30-55 years [24] . Our findings support the conclusion from these studies; lack of sports activity was a strong indicator for increased mortality risk for both sexes (table 1) . A recent study considering cardiorespiratory fitness showed that the association between waist circumference and mortality disappeared after adjustment for fitness [25] . In the present study, adjustment for sports activity made very little difference for the estimated effects of the body size measurements in spite of the strong association seen between sports activity and mortality in this study.
Education (years of schooling) was used as a proxy variable for socioeconomic status known to influence both mortality [26] and body size [27] independently. The crude analyses of education and mortality showed a tendency to an inverse relationship, so individuals with less than 8 years of schooling had a higher mortality, but the associations became insignificant when adjusted for the other lifestyle aspects. In general, the participants in the study have higher socioeconomic position than non-participants [6] . Although years of schooling showed no confounding in the present study, this cannot be generalized to an assumption of no confounding potential of other indicators of social inequalities.
Our study had a median follow-up time of 9.7 years, and 3,604 deaths occurred during the study. The large number of events allows for inclusion of several covariates in the analyses as well as investigations of signs of effect modifications, which was not possible in earlier papers. Detailed information about covariates was obtained from self-administered questionnaires, supplemented by a personal interview in the study clinic if answers were unclear [6] . Laboratory technicians obtained all body size measurements, so the analyses did not depend on self-reported measurements which are known to be biased [18] . Only one third (35%) of the invited persons participated and according to age-and sex-specific death rates of the general Danish population, only one half and one third of the expected numbers of deaths among men and women, respectively, had occurred at the end of 1999 [28] . This is probably due to an underrepresentation of lower socioeconomic groups [6] . Also the exclusion of subjects with previously diagnosed cancer and/or an overall better level of
